Objective: Hyponatremia is the most common electrolyte imbalance. The initial treatment decision is based on clinical evaluation of patient volume status but an accurate assessment is difficult, particularly differentiating mild hypovolemia from euvolemia. The aim of this study is to examine if biomarkers are valuable in the early determination of volume status and SIADH diagnosis. Methods: Blood samples were collected from an unselected patient population at entry to the Emergency Department. If the plasma sodium level (P-Na) was ≤125 mmol/L, the sample was frozen for further analysis. Mid-regional pro-atrial natriuretic peptide (MR-proANP), proadrenomedullin (MR-proADM), C-terminal prepro-vasopressin (copeptin), pro-endothelin-1 (proET-1) and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels were analysed. A comprehensive assessment of volume status and underlying causes was made after discharge blinded for biomarker results. Results: A total of 81 patients were included. A well substa ntiated volemic state (hypo/eu/hypervolemia) was established in 72 patients (mean age 76 years, 65% women, median P-Na 119 mmol/L). A significant association was observed between MR-proANP levels and volemic state (p = 0.0001). Data was specifically analysed with respect to distinguishing hypo-from euvolemia (n = 59) using logistic regression. In a crude analysis, MR-proANP was significantly related to euvolemia (OR: 2.54 per SD of MR-proANP, 95% CI 1.32 -4.86, p = 0.005) and remained so after the multivariate backward elimination model (OR: 2.45 per SD of MRproANP, 95% CI 1.22 -4.91, p = 0.012.), whereas the other studied biomarkers were not. Copeptin levels were not associated with a diagnosis of SIADH. Conclusions: MR-proANP may be of value in early determination of volume status in hyponatremic patients.
Introduction
Hyponatremia, being the most common electrolyte disturbance in the Emergency Department with a prevalence of approximately 3%, has a complex pathogenesis [1] [2] . Thus, multiple regulatory systems are involved in the meticulous maintenance of osmolarity as well as volume status.
In an ideal clinical setting management, chronic hyponatremia is based on an robust and accurate assessment of volume status, a challenging task for the clinician, especially when differentiating euvolemia from mild hypovolemia (Figure 1) . Previous studies have demonstrated that clinical assessment frequently is inaccurate, and no gold standard exists for the categorization of hyponatremic patients into volume status groups (hypo-, eu-and hypervolemia) [3] [4] .
This major impediment in clinical management may delay an early and proper diagnosis and thereby hinders expedient and effective treatment, especially in euvolemic patients with SIADH (syndrome of inappropriate ADH secretion), where the development of vasopressin-receptor antagonists lately has been added to the armamentarium as an physiological treatment option.
The aim of the present study is to evaluate if biomarkers can aid early determination of volume status and the diagnosis of SIADH in hyponatremic patients.
The regulation of sodium balance is complex and the result of several regulatory systems acting both in unison and in discord. Osmoreceptors in the hypothalamus reacts to changes in osmolality and baroreceptors in the aorta responds to changes in blood volume communicating with the hypothalamus thereby influencing the secretion of vasopressin. Natriuretic peptides produced in the heart affect sodium reabsorption in the kidney.
We hypothesize that circulating hormonal biomarkers sensitive to cardiovascular pressure load (NT-proBNP, MR-proANP), vascular stress (pro-ET, MR-proADM), and regulation of sodium balance and osmolality (copeptinas a surrogate for vasopressin excretion) can be useful as diagnostic tools. Levels of mid-regional pro-atrial natriuretic peptide (MR-proANP), copeptin, mid-regional pro-adrenomedullin (MR-proADM), pro-endothelin-1 (proET-1) and N-terminal pro-brain natriuretic peptide (NT-proBNP) are measured in plasma samples drawn at the entry to the Emergency Department.
Methods

Subjects
Blood samples were collected from an unselected patient population at entry to the Emergency Departments in Lund and Malmö, Sweden, regardless of reason for the hospital visit and medical specialty (internal medicine, surgery, orthopedics, neurology or trauma). If plasma-sodium (P-Na) was ≤125 mmol/L the sample was frozen for further analysis of biomarkers. The plasma sample was thus obtained before any treatment was initiated.
Only patients who were admitted for in-hospital care were included in the study to ensure a solid foundation for subsequent evaluation. Inclusions were made between Sept. 2009 and May 2010. If hyperglycemia was present a corrected sodium level was calculated and the patient was only included if this value was ≤125 mmol/L [5] .
Patients were included after they had signed a written consent. The study was also approved by the Ethics Committee in Lund.
Record Review and Classification
Patient records were examined after discharge from the hospital. A thorough assessment of volume status, treatment effect and etiology was made using all available information in the patient records including plasmaand urine-analyses. As no criteria based gold standard exist for assessment of volume status, the categorization of volume status was based on the judgment by the specialist who reviewed all available information in the patient record and evaluation was performed blinded for biomarker results. In cases where information on all criteria of SIADH was missing the diagnosis was made judiciously by the authors.
Laboratory Measurements
The plasma samples taken from patients at entry to the Emergency Department were directly frozen and stored in −80˚C. Biomarkers of cardiovascular load (MR-proANP, NT-proBNP, pro Endothelin-1 and MR-ADM) and osmotic stress (copeptin) of interest in the pathogenesis of hyponatremia were examined. Mid-regional pro-atrial natriuretic peptide (MR-proANP), copeptin, mid-regional pro-adrenomedullin (MR-proADM) and pro-endothelin-1 (proET-1) were measured on a fully automated immunoassay system (Kryptor, Thermo Fisher) using methods described previously [6] - [9] . N-terminal pro-brain natriuretic peptide (NT-pro BNP) was determined using the Dimension RxL N-BNP (Dade-Behring, Germany) [10] .
Median MR-proANP of 325 healthy individuals in previous investigations was 45 pmol/L (interassay CV at 45 pmol/L = 10%), and the 97.5th percentile (upper limit of reference interval) was 163.9 pmol/L (interassay CV at 163.9 pmol/L = 7.5%) [9] .
Median CT-proAVP in 359 healthy individuals in previous investigations was 4.2 pmol/L and the range between the 2.5th and 97.5th percentile was 1.7 -11.3 pmol/L (Interassay CV at 4.2 pmol/L = 14%, interassay CV at 11.25 pmol/L = 9%) [6] .
The normal range for MR-pro-ADM is 0.17 -0.49 nmol/L (interassay CV was <20% for values >0.12 nmol/L) and for CT pro-ET1 24.8 -66.6 pmol/L (interassay CV <10% for values >10 pmol/L) [11] [12] . The reference range for the NT-proBNP assay is <300 ng/L in patients >60 years and the interassay CV 4.6% [13] .
Statistics
Data was analysed with the SPSS statistical software (version 19, SPSS Inc., Chicago, Ill.)
Groupwise differences in continuous and categorical descriptive variables were calculated with Mann-Whitney U-test and Chi Square Test or Fisher's exact test, when appropriate. For the analysis of biomarkers we used crude and multivariate linear regression models with backward elimination of covariates (p-value for retention <0.10) with groups of gradually increasing volemic status (hypovolemia = 0, euvolemia = 1 and hypervolemia = 2) as the dependent variable. In the comparison between two groups of volemic status and when SIADH patients were compared with other causes of hyponatremia we used crude and multivariate logistic regression with back-ward elimination of covariates (p-value for retention <0.10).
Due to skewed distributions, all biomarkers were ln-transformed before being entered into the linear and logistic regressions.
Results
Patient Characteristics
A total of 81 patients were included in the study between Sept 2009 and May 2010.
Hypertension, diabetes mellitus, heart failure and a history of previous P-Na ≤ 125 mmol/L were commonly occurring conditions. Ongoing treatment with diuretics, angiotensin-receptor blockers, ACE-inhibitors and antidepressants was also frequently noted ( Table 1) .
A well substantiated volemic state (hypo-, eu-or hypovolemia) could be established in 72 of the 81 patients. For that reason all analysis involving volume groups were performed in this subgroup. Due to insufficient plasma volumes, NT-proBNP could only be analysed in 64 of these patients. Analysis regarding NT-proBNP and volemic status was consequently executed in this smaller sample. The entire patient population was used in all other analyses. There was no significant difference in patient characteristics between those with and without data on volemic status or among those with and without data on volemic status and NT-proBNP (data not shown).
Etiologies
In patients in whom volemic state could be established (n = 72), hypovolemia was noted in 29%, euvolemia in 53% and hypervolemia in 18% of the patients ( Table 2) .
The underlying cause of hyponatremia was often found to be multifactorial. Up to three etiologies were recognized in some patients but most patients had one or two underlying causes (one etiology, n (%): 31 (43), two etiologies: 32 (44), three etiologies: 8 (1)). The most common underlying causes of hyponatremia were SIADH (33%), sodium and water depletion due to gastrointestinal losses, diuretics, malnutrition or Addisonʼs disease (60%) and sodium and water expansion caused by heart failure, liver cirrhosis or kidney failure (15%) ( Table  2 ).
Biomarkers of Volemic State and SIADH
MR-proANP
In crude linear regression analysis a significant association was observed between ln-transformed values of MR-proANP levels and volemic state (beta-coefficient 0.30 per SD increment of ln-transformed MR-proANP per volemia class, 95% CI 0.15 -0.44, p = 0.0001) (Table 3, Figure 2(a) ). In a multivariate backward elimination model (entering age, gender, thiazide or loop diuretics, heart failure, cirrhosis, oedema, gastrointestinal losses and MR-proANP). MR-proANP remained significantly related to volemic state (beta-coefficient 0.18 per SD increment of MR-proANP per volemia class, 95% CI 0.04 -0.32, p = 0.012).
As the distinction between mild hypovolemia and euvolemia is the clinically more important issue, data was also analysed with respect to hypo-or euvolemia (n = 59) using logistic regression. In a crude analysis, MRproANP was significantly related to euvolemia (OR: 2.54 per SD increment of MR-proANP, 95% CI 1.32 -4.86, p = 0.005) and remained so after the multivariate backward elimination modelling (OR: 2.45 per SD of MR-proANP, 95% CI 1.22 -4.91, p = 0.012) ( Table 3 ).
NT-proBNP
NT-proBNP is the most extensively studied natriuretic peptide and is already in widespread use in clinical practice, primarily for screening and treatment monitoring of heart failure. The association between NT-proBNP levels and volemic states was thus examined. Ln-transformed values of NT-proBNP were significantly associated with volemia class in crude analysis (beta-coefficient 0.23 per SD increment of ln-transformed NT-proBNP per volemia class, 95% CI 0.07 -0.38, p = 0.006) but did not remain so after the multivariate backward elimination modelling. In contrast to MR-proANP, NT-proBNP had no significant relationship with the more clinically relevant comparison between hypo-and euvolemia (OR: 1.54 per SD of NT-proBNP, 95% CI 0.84 -2.82, p = 0.159) (Table 3, Figure 2(b) ). 
Copeptin
The median copeptin level in the entire study population was 24.7 pmol/L (IQR 8.5 -75.4) compared to 31.99 pmol/L (IQR 6.6 -96.8) in patients with SIADH (NS) ( Table 4) . No linear association was found between copeptin values and volemic state ( Table 3 ) (Figure 3) .
Other Biomarkers
Mid-regional pro-adrenomedullin (MR-proADM) andproendothelin-1 (proET-1) was also analysed. No association was found between biomarker levels and volemic state. There was no significant difference between any of the other biomarkers and the presence or absence of SIADH ( Table 3) . 
Discussion
A swift and accurate evaluation of volume status is crucial to the early management of hyponatremia. The distinction between hypovolemia, euvolemia and hypervolemia determines the treatment strategy. Several previous studies have described how cumbersome and inaccurate clinical assessments of volume status can be, with low sensitivity and specificity [3] [4] . The urine analysis of osmolality and sodium add valuable information but takes time to collect. The widespread use of diuretics in this elderly patient group risks influencing results of urine analysis, making them inaccurate. Previous studies have observed a low frequency of laboratory evaluations [14] - [16] . In a Swedish study only 31% of patients with P-Na ≤ 120 mmol/L underwent analysis of plasma osmolality and urine analysis of sodium and osmolality [1] . New diagnostic tools are therefore needed. Hyponatremia is often the result of multiple coexisting factors [16] [17] . Several cardiovascular, inflammatory and volume regulating systems are involved. In this study we examined the diagnostic value of specific biomarkers in: 1) the assessment of volume status and 2) the diagnosis of SIADH.
Volume Status
The results indicate that MR-proANP may be a promising biomarker for assessment of volume status as MRproANP levels were significantly associated with volemic state (hypovolemia, euvolemia or hypervolemia). Even more importantly the level of MR-proANP could distinguish hypovolemia from euvolemia. This categorization poses the greatest challenge in clinical practice and affects treatment. MR-proANP was significantly related to euvolemia with an odds ratio of 2.5 per SD of MR-proANP compared to hypovolemia and the correlation remained significant after multivariate analysis.
Since NT-proBNP is already in widespread use in clinical practice the same analysis was performed using NT-proBNP levels. Interestingly enough, no significant correlation was found between NT-proBNP and euvolemia versus hypovolemia.
The concentration of ANP in the circulation is 10-to 50-fold higher than the BNP concentration, which could explain why MR-proANP was superior to NT-proBNP in the difficult distinction between euvolemia and hypovolemia. Comparisons between MR-proANP and NT-proBNP in the diagnosis of heart failure have shown a high diagnostic accuracy of MR-proANP. It has even been postulated that MR-proANP may provide additional diagnostic information in patients with grey zone NT-proBNP levels [18] .
Even so MR-proANP has not been thoroughly investigated in conjunction with volemic states in hyponatremia. In a small study of 40 patients by Coenraad et al., significantly lower ANP concentrations were found in hypovolemic and euvolemic subjects with hyponatremia compared to controls, whereas hypervolemia was associated with higher levels. No significant difference was noticed in this study between hypovolemic and euvolemic patients [19] . More data exist in cardiovascular studies on orthostatic stress where a reduction in ANP levels has been observed in head-up tilt tests [20] [21] . These studies indicate a possible effect on MR-proANP levels even in mild hypovolemia. Findings which could be of interest in conjunction to the examination of hyponatremic patients.
Vasopressin is the key hormone in the regulation of osmolality but the hormone itself is unfortunately difficult to measure due to in vitro instability. Copeptin is the C-terminal fragment of the vasopressin prohormone and it is secreted in equimolar amounts from the pituitary. This glycosylated peptide is stable and can be analysed easier [22] . Hence it is a perfect surrogate marker for vasopressin levels.
Copeptin levels were not found to be significantly associated with volemic status. In spite of that there was a tendency of higher copeptin levels in hypo-and hypervolemia compared to euvolemia. This may indicate a non-osmotic stimulation of vasopressin through baroreceptors.
Diagnosis of SIADH
Vasopressin is of special interest in patients with SIADH, where it's effect on osmolarity andvolume status is believed to be pivotal. Non-osmotic stimulation of vasopressin secretion through baroreceptors is exaggerated in patients with SIADH thereby overriding the effect of decreased osmolarity. Also, in our patients at the Emergency Department stimulation on vasopressin release is increased in the majority of acutely ill patients. Copeptin levels were indeed elevated in the entire study population overshadowing raised levels in patients as clinically judged with SIADH (median 25 pmol/l vs 32 pmol/l, NS) ( Table 4 ). This increase in acute ill patients is in consert with previous studies, where Copeptin in critically ill patients increased to several hundred pmol/l as compared to healthy volunteers showing a mediumlevel of 4 pmol/l [6] [23]- [27] .
Our study was performed in a full clinical setting, where the patient was considered as belonging to a specific volume status group (hypo-, eu-and hypervolemia) based on laboratory results at admission, symptoms and signs, underlying conditions and evaluation of treatment response. Lacking a gold standard for volume status, in the absence of invasive measurements only performed at the Intensive Care Unit, our classification was accordingly based on the available clinical and laboratory information in routine care management at our Emergency Department at this time period.
For the diagnosis of SIADH we used the criteria originally described by Bartter et al. [28] . However, in cases where complete information was lacking, the diagnosis of SIADH was made judiciously after discussion among the investigators blinded for biomarker results.
Two previous studies have investigated copeptin in the differential diagnosis of hyponatremia. In the article by Fenske et al. from 2009 copeptin levels could identify patients with primary polydipsia but had limited value in the differential diagnosis of other hyponatremic disorders [7] . Nigro et al. also examined copeptin levels in hyponatremic patients admitted to hospital with lower respiratory tract infections or acute cerebrovascular events [29] .
In patients with respiratory infections the median copeptin level was 32 pmol/L (IQR 22-50). Uncorrected, there was a significant difference in copeptin values across different volume status groups with increasing levels with increasing extracellular fluid volumes. After correction for multiple testing however the difference between hypovolemia and euvolemia did not remain significant. In the group with acute cerebrovascular events no significant association was found between neither copeptin and volume status nor copeptin and etiology.
Our study further indicates that copeptin add little information in the initial differential diagnosis of hyponatremic disorders.
Our study has limitations. The study was observational and therefore firm conclusions regarding causality between suspected underlying causes cannot be drawn. The diagnosis of volume status and underlying causes of hyponatremia were based on hospital records and laboratory databases with the inherent limitations. For example only 32 patients had urine analysis of sodium performed and the diagnosis had to be made judiciously on available data. The lack of an objective diagnosis of volume status should be taken into account when interpreting the data.
We emphasize that alcohol abuse as such is not a recognized single etiology however we chose to include it in accordance with previous studies as hyponatremia is common in patients with alcohol abuse through several different mechanisms [15] [30] [31] .
Introduction of biomarkers such as MR-proANP should be preceeded by studies testing if it is superior in a setting where urine sodium is always analyzed. In the current study we could not assess this as U-Na was missing in many patients. Furthermore it should be stressed that there was a large overlap of MR-proANP levels between volume status groups. Thus other biomarkers than MR-proANP will be necessary to identify in order to provide added value in the clinic. This is a small hypothesis generating study and since there is no gold standard for evaluation of volume status we prefer only presenting our findings of statistically significant relations, i.e. omitting possible cut-off limits for MR-proANP.
Conclusion
MR-proANP is a promising biomarker for distinguishing between hypovolemia and euvolemia in hyponatremic patients. Copeptin levels alone cannot diagnose SIADH in the Emergency Department. A more intricate diagnostic algorithm would have to be used where an evaluation of the vasopressin system could be part of a wider laboratory and clinical evaluation. The limitations of the study should be taken into account when considering the results but the findings suggest that further confirmatory studies are needed.
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